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ABSTRA~

TM paper focuseson Mftware Icmlsb Alantoa
National Mommy (LANL) usa 10casluol,
disuibutc, and insudl u= level aofnvarc, suchu
Ianguagcs, libraries, and utilities. LANL’s
computing neiwork is complexenough to repemI
many, If not all of tie problems seenal otha silos.
llw network kctps a sysmmof multileveled
=wiry ParWons separme,while miegrat.ingCray
supfcompulers wilh “DOh~S and U?WOS
opcming syslems as WCIIX5many ok types of
snschincssuchas VAXcs witi VMS, SUNsi ~
Apollos. Change COIWOIis he pas by which tie
disuihuuon tni InslAuallcmof Iww w changed
Mflm xre is amrolled, Soflwue Ids have ~
and are being l~orporati Into the change catuol
proWures 10ill.prove efachlcy, I’elixbltity, and
security. Tools for gencml -amau am
deslgncd to & uwsaed fran any type of mnpxar,
while IOOlSfor Insulling files on PUC -S
systemsare designed to be Indefmtdetm h of sbe
new Indcpendem lmls Is a mflware wkage fa
disuibudng and Installing LINLW dlwm, This
package, CAM CCIWKE, muld be d u a W
fw Slandxdzlng a Wmy10assureIhal all Imdd
k and infomadon uc included In a dlszitwllon m
well as a way 10 lrmtdl namal applications, IJl,lUt&
UK! libraries 1; Uierefore has the PMLM 10Ml
WICtU@llgdtW~ k4W~ ~ du

LruDc18aTmki91kd Bcn&Lu9mk

Kt~orda: cotigurmion management software
diswibuticm,sofIware reliability, dsware
inslalladon, change cunuol, daxunanttdm.

INTRODUCllON

The Computing and Communlcdons Dlvidon (C=
Division) ● IAs Alamos National ~
W) supwns tic Megmd Computing
Network (ICN), which Is comptxed of a wh
variay of hardware, aofhvare, cammunkation
facilities, scahy envi,ronmsnu, and cosnpudng
sawias offered to u~rs ThroughoutIk Wild
Sines. The lCN integrates large M
supcramputen (such as CRAY X.MPS and -Y
Y. MPs), s file scrw, an oulput Her, a Mch
sawer, spccia@urpose system for appllcadons
(such as CAD/CAM), and gcrwrahpwpm systems
(such as VAXes nmning VMS or U?41X u well u
local arm naworh of SUNS wd Apoh). Tba
oommon mfiware Includes Forwan 77 compilers;
four graphics Iibrarlos: our Common la Alma
Mmhcmatical SofIwue (CIAMS); utd caunat
UIMLICS10fdonn such funcdons as fib thl~lng,
graphics file processing, Inwrsnddne procaa-e
FOCeSSwmmunhtlon, mndpoduclbm ~
submission, Facilitating and wnuolllng dm
distribution and Inwalh.lon of changesm symms
whh a dngle type of hardware and qtln~ tfilem
cxn bc di[flcul~ noI 10mention IJICdi[ficulti
emcountcmdwhen pedormlng IJIisfunction f- a
ayswm as complex U he ICN.



change Ccmtd a w of prcxxlurcs hcd on
principles of configuration management snd
software diswibution, is usd 10ccmwol tiesc
d.iflicultics. ([1] describes she history and current
proccdurc.s of change cmtrol) Tools supponing
lhcsc procdurcs arc Ecdcd 10msxkizc Security,
reliability, and efficiency. The tools and poccclura
qtcifsc sohardware and opxating syslcrnsan b
used indqxndc.ndy. For cxarnple, toofs fcN
distributing ad installing UNfX smflwarc uc
bdepcndast m’ dM sods UMXYfor *r qcxnMg
systems. Gems.lly spcmking, umls fm geneml
managemcm can bc run by my w bcc.susc he
Loolssrcca.llabk from any msthinc in IJWlCN by
way of mwralizd knmr machines. l%c bcncfh of
shislo IcNwmisca5y Kldilimcrdcklionof
hardware or o~mting syskm. The pxcntial Ixnefil
to hose witi sirnifar wnfiguration mansgcmenland
soflwarc distributionproblemsis W shetools
deemed useful can easily be scpsmwd, fn
particulw, a new lcml callti CCMAKE may h the
basis for a sm.rtdard way 10exchange UNIX
(including UNICOS) soflwarc bctwtm sises.

This papa will discuss tie following scmls,

BWJETIN, a ml 10gcncram anicks fork
ICN Cbnge Bulletin. This daurnem snnou.nca
Changesm m.

ICNNEWS, a tool LOsnntxrnce montdy and
intim chang~ 10u.ws online,

A SC.Sof mols to srchivc C-Division mrpport,d
sofIwarc on LANL’s massive Cllcsmragc system,
lhc Comnm File Sys&m (CFS),

CcGET, a tool scting u ● dautxse nmn.agcr in
the rcspxl il minimizes she inpul necessaryto list
the full @.narncs or gcl all I.hc desired INM from
CFS.

CCMAKE, a tool sodistribum and kmall UNIX
SoftWart

This papu ccmcc.ntrstc.son s sub~t of MS m glvfi
he reader a fhvor for Lheslralcgia used ● MN’L,
Oslwchsnge control tcmls ntxdiscusa.cd in this
paper Lrwluda

o a pnxcdurc to Insudl publk filcson (73S,
Among other things, his mcm.sticAIly *
publk Me spxe if~

● SAVEW13/RH%JB, a ~SS Ud]ilyM polls
every (CWmlnutm for newly imsllcd publk fiks,
kks up tie newly Instslld pubbc 81CSon CFS,
and IJ used 10Ansm.11 publ.lc files on tia.

Tlw lools un be orgsnh.cd into t.hm csugofks:

● Dcmrrncnting tools, general tools like BUIJZTIN
and lCNNIZWS for docu.rncndng and nolifylng

H till[ ~flwc.re being dissribustxl.

● Archiving tmls, gencd lcd.s soarchive tiles and
make files available LOusers and system
managers.

● Packaging and insmllar.ion UXIIS,tools spcci.6c m
s.nopaating systcm. These KFOISarc usal by
progmrnmcrs m package software ftx disnibution,
by I.Mrs LOpresesl sof[warc before it is inslalk-d
on lhcir syslcm, and by sysLcm managers to insMl
software on their system. CCMAKE will b
dcwriM UWl CP51@C oflhiSlyqEOf Kd.

Pile pqtr txminuw by diwssing -h caqo~ of
LOOIand how they inLcrfaIx with each c“kr.

DOCUMENITNG TOOLS

IIIe role of C-Divisicm’s Ikxumemation Group in
change wnuol has bun LOdocument tic software
changes ucu.mlcly and fxovidc hal infosmwkm 10
users in a I.imc!y nuwmcr. The primary mdmd of
wmplcli.ng lhal LA is bough shemontily
publication of tie ICN Cknge Bulle[in. Two LOOIS
are wd for documenting changes, BULLETLN and
ICNHELP.

BVUE7 :Weuradng Adcla

In 1983 tic Cornpwcr Documuuarion Group
devclopul and began using a w.ilhy called
BULLEllN 10provide a mere efficicm way 10
ensure I.hatall infosmtiion Is included when m
article is submiwxl for publicuiom WhaI s!mc-d as
a summer pojccl for an u ,dcrg-radumcsummer
sl.udcmhas t=xomc a sigliiflcs.m ml for change
mntrol, The BULLETf.N code is WmM in tic C
progmrnming ‘anguagc and is impkmcnled m shc
lJNIX opxal.ing system. The us.ifity is menu driven
providing Lhcus.cJwilh opsions 10pcparc, Ml,
preview, and submil aniclcs clwtronldly.

Soml: probk.rns were cncounu.rcd wilts shc Ilrs4
version of Lhcutiti,y, tml I.hc ~ord vcmal 0(
BiJLLEITN corrmod many of k defickncios and
was mwc wklcly ac.ceplcd by tic progmrnmcm u a
rcasonabk way m submll ari.iclcs 10lhc /CN Change
Bulletin.

Shcrdy skr he smmd wxsion wu lnsulhxj a M(
of 1.cx31s10manage tic IIIcJ chsngc wnuol wu
rc.sponslblc for wss prqmscd, The dcslgn calhxl for
s single ~int where shc information for shc cmcnl
cycle w accumulslc, T?MI In[ormulon is ~Jcn
●vsilsblc 10 ~ USCdby IsX)ISu WC]]M by I.tw
~grunmr.m,

The BULLETIN WS.Ychmcn m bc lhc slnglc point
where information Is gaticrxl, The BULLETIN

bull wnes tic original @ of gcnetmllng llmcly,



xmmale infmnatim for the user, but now it also
provides =ura@ information to be M by other
change control tmls.

llE information is wcumu!ated when a programmer
choo=s the prepare @cm in BULLETIN. The
programrna is~ptodfcuthe-ofti
mftware going through change cmurol. With Ws
information the BULLETIN Utity &xesses
ckmbase files that contain f-ta ●bout every pic42cof
wftware that goes tigh changecmml. Tlmse
files have infamal.ion abow functions,
documentation, which opining sys.wmsdw
SOftWIMGis CW5Jltiy aI and where 6ks ti bC
plaw41 al CFS.

By using* dwabasc files, most of We infosmaticm
rcqui.rcrnents f- an ICN Change Bulletin tick is
emercd automatically. BULLETIN will ask
approval before cmrcringsome infcmnation 83 that
the pognunmcr wn provideex=ption infomnahn.
For example, U a schdulc is diffaent rharrthe
standard the pqparnmer carr-ily change it- The
change infamtion, of course, is always cnted by
tk pogralnmer.

The inforrnaticxl for cm is gathered behind the
scenes as the ~gramma prepares his article. This
infonnatin is appendd to the end of the article
widr commcrus telling he programme4 whsl it is.
The CFS infommirm has Iwo pwls, he til b the
CFS pathname in which k pI’O~mGf StOfGS
sofIware and the secondis w mandurdCFS
padmamc into which the change control tools will
copy tie software as an exptima.1 fllo(’x fik).
This informatkm has a two fold puqmsa

(1) It shows the programma the cmoct Iomia
to smre the soflwarc for the beginning of Ihe
cycle. 71tat information comes from the
databaM. However, if tiat infonnakn k
incmat the programmer has the opprtunlty
to cmoa it on the review copy of the utkk.
II Is Impcmam to note that Informmiat will not
appear in the final tick. Figure two shows●

rGtiOW’ardcb.

(2) 71w =ond purpw of this infomrmlon k to
provide the information usedto autanate the
placement of the tiles In Me experimemal file
(called X File Access) lotxion u the popcr
Ihm

There are poshhc Impcta for progmmm-, change
control personnel,ad users, TIM pograrnmar
knows the stora~e Iocallon for the mftware. llm
people rcqmnsiblc for providing thal inforrrmlon
-h month now only ncad 10be sure that databaw
Infonnat.lon is current. The usa Is assured M tM
CFS palhna.methat Asprintd in the /CN Ckn#e

Bulkti}i is cormt k.ausc theinformation in this
document isusedas input into the tools managing
chsngeamuol CFS fles.

~C BULLETIN dtihty f)byS an irn~rtant rok in
lhc change control cyck by providing the following.

● It IMPS the pogramma provide that
information.

● h helps ths ZN Change Bdhin staff to moct
Sningmt deUmeS.

● 11provides infcwmacionfor * change
czmtroltools in one location.

ICNNE’WS-Thdy Anuxmce-

Recently the Documenuit.icmGroup began using rhe
lCNHELP utility to pul the ICN Change Bulleth
online. The inforrmim is put into the ICNNEWS
topic. To read thisonline infosmsth from any
computa in the ICN, a usa lyps

lCNHEIJ lCNNEWS

This tool, which k based on a VMS HELP library, is
orga.nizcdin a hierarchy of topicsand subtopics.
?hc ICNHELP utility plays an important role in the
changeconuol cycle by providing timely
&umcnLation. MarIy wsas of the ICN am not at
Los Alamos and twxive the lCN Changt Bulletin
through tie mail a wock a.fm Las Ahmos users.

TOOLS TO ARCHIVE SOFIWARE

Four touls usd for archiving C. DIVlsion suppomd
~ftw= Oncm arc a w Of lCN cklll&
Bulleh aniclcs, GET7#LE, CCMfGRATE, and
CCGET.

A Pwar #1~ t3tM8e Bdledn Addes

&previously dkcuswl Ihe BULLETIN genaates
the mapping of the CFS pathnnma where
pro~rncrs keep thclr software and rhe CFS
palhnama Wherethe software will be CopkclM
Xllles (cxpaimcd lllcs) aspan of the review cqy
of an lCN Wvr8e Bulletin adclc. On the kst
Wednesday of the monlh (slrrmhanoouslywith the
final /CN Cbnge Bulletin being formatted), s parer
crc41c4lwo tllcs with h followin~ mfosmallon:

● a mapfilc wlti h mapping of CFS paUmmes

● a achocluleale WIIJI~ftwarn installstbon

lhis eUminatc4 IAc need for the wmetlmes late
and/or Inaccwatc hund.arricd MS of where the
programmers have stored their ales.



a?xFIul and ccKtGRAlll
Onthedsybefore the first Tueadayofthemonth,
GETXFfLE will be W. ins securepartition. It gets
the file of maps from (33, ktz the personrunning it
double check that the maps are correc~ then m the
maps to somatically copy the Softwre 601n the
programmer’s CFS psth to changemmrol’s CFS
path for~es. Ifthe CFSpaIhfcw an Xfiledoeaaot
exix GETXFILE wiS!create iL

On the day aftm the third Tuesday of the month,
CCMIGRATE Wfil be run in a secure partition. It
f@wea out what Xfiles need to be migrated by using
thcfikofacheclul ~thcamigrateti fiksaa
follow

- movethe old floor vershtoapaattion.
. nmve the X61eversion to the new floorversion.
- 81= move the Xflle wsion to a vwaion with a

date associatedwith k
- delete the X6k Versicm.

Both GETXFILE and CCMIGRATE keep a
complete audit trail, provide recovcq if a run is cut
aho~ and allow for the installation of bug 6xes with
or without input files. They are written in DEC
Command Language (DCL) for the VMS qeruing
system becauseVMS is what LANL’s p
server Cuwently runs.

This system results in lesswof~ for evefyone
involved, gmaer security snd reliability, and added
functionality in ● flexible, modular fashiom

CCGET\or ?arhnwne Refdmud

CCGET allows uses to retrieve files from CFS as
weU as list the fuU CFS pal.hnamu for files of
interest. In this wsy, the tndily sets as t datahse
manager. For example, to get all dte X61es for this
monih for the partition, hardware, qerntkm system,
and sofiwtie type on which you are logged in, you
Wculd type

ccga4

CCXETu- a genedi.md CFS scheme. ‘lWa
scheme provides

●

●

●

a Ilexibk, uniform way m store sofkwuc in the
partition on whkh it is to be installed,

the ability to easily sdd new hardware types and
0~f8thfj SyStSXllS M s rqonae to s dynamk
environmen~

the mcms to easily change M type of aofiwme
that is running on a system,and

● a suucture for archived versionsof C-Division
Software.

The CFS scheme is designed to be understandable
by usingrcsdabk directoiy names. In addition to
reliably being able to find a version for any date in
the pas~ this scheme will provide insuranceagainst
environmental contamination from suchthingsas
viruses, because8n entire cmironment (Le., all the
files installti on a particular machine) can be
retrieved. Taking advantage of such things as
tarfiks will also provide an oppommity m be
complete and amhive the sourcealong with what has
kninatakl

TM following exsmple shows● CFS pathname 8nd
explains the meaningof =h node.

/cdjv/PAR’ITllON/HARDWARE/SYSTEWfYPE
NERS1ONALENAME

b?
is 8 secureroot directory.

/PARITllON
is the partition in which me software is to be
installed.

/HARDWARE
is the type of machine on which the software is
to be installed.

/sYsTEM
is the operating system that is running on that
above hardware.

m?%
is the type of software, e.g., X-IMP versusY-
MF instructions.

/VERSION
is an archive version, as opposedto art
operating system version.

/FrLENAME
is the name of the 61e.

An example of a pslhnamc is

kdiv/r/ymp8/anyctaa4xmpinstrcostbUpast/cftlib

which is the past wersionof cftlib for generating X.
MP instructionswith COS internal table format (that
is, for compatibility mode) on CTSS on a Y-MF@32
in the swum (r for rd) [artition.

Our implementation of (XGET is specific to our
environmeii~ but the prmciplc can be applied
elsewhere. While we have a development version
that runson a UNIX n achinc, our production
version runs on VMS as a FOCUS utilhy, A
FOCUS utility has a fkont cnd (installed on each of
our supportedhardware) that calls QVMS machine
(WC FOCUS mxhinc) to execute the acIual
pro~, A nuance to this design for CCCIET & that
a procedure with tks defaults of lhe pardthn,



hardware, -g syskm, and sdtwarc Iyp cm
which CCGET is tikd calls lh.k front end. ~S
cnsufcs LIE ckfaulu nwch dsc environment uad
allows Uwsystcm managcJ tocnsilychange the
rkfauhs, if so cksi.red,whik ~ing k
advantag~ of a carnally m.ainW uility.

CCMA.KE FOR UNLX SOFIWARE

CCMAKEis kigncdm runcmarIyUNIX mwhinc
and, Ihcxcfm., will aid efforts nm only cm UNICOS
but cm worbtations d d.istributcd pmcting.
“i%cm ~ lWO *IS 0( tOOls in the CCMAKE
P=@e.

● TOOISto hdp he ~@aMm.cr ditibulc Mflwarc.

● Tod.s LOIElp W sysmn manager irwMl suftwarc
ona UNIX rnwhiw

The distribution wls help the Fograrnmcr follow
~dMdS, ~SIJ.IY that d tic-d information and
fiks arc pwkagd Logelhu for lhe Syslcrn Managa,
signibcamly rduce what rhe programmer would
odmwise have to lypc in, and minimti the
knowledge a prograrnma needs about sys!errt
rnanagemcnl. This set of mols provides saandard
Lcmplar.es[or lhc following Iiks: ● makclile for
installation, a copyright 61c, ● rcdme for
installation, and a shell m archive mll ncukd tiles.
The shell and the rnakcfilc for insua.llation w bc
iwludcd in dw programmu’s makcfik for
ccunpilation. Wkn cxuutd, the shell will call
CCMAKE 10

(1) updaLc tic rcadrne fik !o: iridlatiort with

. a list of all the new files along wilh their
s& for chuksum ~aes.

- a date for a vtion snd a dcbption of the
changes.

(2) package all needed files inlo a urfile.

(3) stop to k~ dw programmm chak m see if all
Lhc files were included.

(4) morethe tile cmCFS what k pognmmcr
Wulu.

(5) mop to kt the Prognrnma chak to KC if h
file was s[orul pnqxrly.

The system rnansga’s insmlludcm tools were
designed to be flexible MUI complclc enough 10
provide all tie Wcd functions for the majorit~ of
~flw~ and m & reliable With tie minimum
amount of manual input. As an example, after the
defau.hs m set up, the command

caruke w

will get all Uw Xfiks lhr the UN~ mxhirw, on
which the command is cxccuti, from change
uxmcd’s CFS nodes one M a time. For each file,
CU4.AKE

(1) chc& to= if tire iscnwgh space to get
tk W61e d unuar iL

(2) Unfarsthc tarftki ntheclkectmyt hcsystcm
Managa has dmignabxl m Ik Ckfault
working diraxy.

(3) slops fm addiriom.al insuuctions. At this pint,
he syslcm manager w M tie rcwlrnc file
and the makcfik, skip k instalht.icm of Ws
61c, or dil ftks if rwxssary ad COrlliJ’lUCwi~h
dsc installation. The instin m &
umtiuc.d by rrumually cxcm.ing the makefile
a Iby letting CCMAKE cx~utc iL

(4) if dic syucm marmger &ides 10con:inue the
installation and W makelilc calis ~’CMAKE,
CCMAKE will

i.nsu.11al! files with tip Qxrcct prm.issicms
depending on the file type, fa example,
binary versus library. ‘fhcsc files arc
isolalcd from the systcrn dirwmics kausc
Ihcy arc insullcd in Id d.i.rwtaicd
(dc[auh spe.afiui by the system managti)
and lmkcd into the systcm dimtories. All
lhC chsmwtcristics of thf tlks uc slmwn
bcfom and a.fw dK installat.iat, so the
system rnarmgu can make sure duu the files
Wm inslalld Colrccl.ly.

inslsdl manual pages if lhcy CX:SL

inslall extra docurncnlatiotl if it exisls.

cl-a up any Xfilcs (qcri.mll.al ales),

stop for additional mswuctions.
Here the system manager w choose LO
make more modifiutions 10 files and rvun
Lhc insudlat.ion, W to conl.inuc,

(~ CbM Up dl lk 61CSIbl WCm kfl behind by
Lhelwlilc including tie tide iwlf.

(Q semis an electronic mail message to *osc on
tic dcrault mailing lisI hat M i.nsullad.on
sllccce.dc.da faik.d.

C12MAKE ensures rc!i~bility by

using two tcsI modes (a non-cxmuc mode &rid a
mode Ulal inslall.s Ihe film in a tcsl dirut.cxy),

automating back Up and back out,

providing a complete audil l.rail pnntcd on the
scrm and wxcssiblc for review as the
Inslsdlation progresses,



● povk!ing arm Caurol.

● a.qq3ing shcpr0gmn-inqqwqmk pkcsm
allow Lhcsyskm man8gc-r mckck how h.in~ arc
going Lnd to allow fcx -,

● installingXiiks (qcrimud Iucs) Wilhcuf
diswbing llwflarwlsiuu

● mdingckctmmicrnailshalmrnmria
alccCssfldANlumwxssful lndkimssolkm
Wboarcinfmssd

Olhcr fcaolru &l&

● TlwsarNes fminsia.llsti ankgoucn fIUTI
FfPormdi roclaiacd lalhlhcchange
muol Ilcdm.

● -fRc iflsiallalionOfflks can be run mMrnAkMy
w sny time d tie day wilhout du system manager
having Iomoniulhe mn by imallingancntq
tnloshccrmfl.k.

We Iemw.d mm inlcrcsl.ingIesmns inwriting
porlabk prognms in shell while &cloping
CCM-A.KE. Fa e-pk, CC W WU tiafn in
Bournc sIM so make it uy fa system managers
uilcM be de, but afkr adding aJl k features f-
rcli.abiti(y, the shell was so compliti M shis
p~* wu dckascd Another ~ for Boumc
shell wu cur ex~mion for q potability (wih
only possible changes LOtie pal.hnames LOtie W
utilII.&). This was foild by me of UNIX Symem
V’s util.iliesbcing J pm of the skfl and not6.les m
difUIOtiS. Our Cmy UU@S WCJC kind enough W
CmCcl this situal.mn locally fcw us M UNICOS by
adding 61CSLOtie appropriated.irccsorics,We*
found the kk of tiyS i.fl lhc Boumc Sku S

handksp. On the oh Iund, pcrfommmx was ~
an issue Ixcauw M normal mock of running
CCMAKE vu eishcr pfl.nb.ng out the m.dil nail M h
ouurrcd (printing lobe wmn is shepdcwrrurm
bodenak) m running h m night whh a crcm

~.

SUMMARY

tigC Ctlltd isLhc ~s.iI by WhiCh ~
ccmlrols arid fxilit,mcs k I.nuodmkm ofsMw
mflwuc knlo iu complex network of compudn~
f~il.ilics, The facilil.ks nclworkcd Iogclhu incluk
compulcrs from Cray aupewunpulem down 10Ka,
ml IAN1. Is mmmiucd 10protiding qmbilitim fa
dkuibutcd mmputig, Sofiwuc LOOlSwc twcessq’
10mum lhaI chsnge conuol k rclhble, afuclat,
Qldcuybus c.nl. ispapuhascktcribod

cbcumcnling tools 10gcrwaatc articles snd 10
dis5cmirW.c ankles in a timely fashion, sods so
=hive md rcrneve sof(warc from LANL’s massive
W stomge symcm, tnd CCM.AKE,a package
dcsigrd m mn on sny LJNIXm-line, 10d.imibulc
and inslall software in a slandard, YCIflexibk way
thus pfoviding he pcnlial so exchange software
btwan diffaenl 1P of UNIX -W u well
8sthcs9mc typcofuNIx mxh.incs.
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